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FEAR RESPONSE AND CONTINGENCY LEARNING IN ADOLESCENTS 
WITH CHRONIC PAIN  
VAIBHAV MURALI 
ABSTRACT 
INTRODUCTION  
Chronic pain is a debilitating condition that affects many aspects of individual’s lives. 
Particularly, it has important consequences on the growth and development of 
adolescents. Pain-related fear and avoidance are thought to play vital roles in the 
transformation of acute to chronic pain. Abhorrent fear learning is thought to contribute 
to the development and maintenance of fear and avoidance behaviors. In this study, we 
utilized a fear conditioning paradigm to examine fear acquisition and extinction as well 
as contingency learning in adolescents with chronic pain.   
METHODS 
Thirty-two chronic pain patients (Mean age = 16.5 years, SD 2.2) were recruited from the 
Pain Treatment Service at Boston Children’s Hospital. Eight healthy controls (Mean age 
= 16.87 years, SD 2.53) were recruited from the local Boston community. Fear 
conditioning procedures were implemented according to the ‘screaming lady paradigm’. 
Two faces were displayed on a computer screen. One was paired with a 95dB scream 
(80% reinforcement; CS+) whilst the other was not paired with a scream (CS-). Fear was 
subsequently extinguished by displaying the two faces without any scream. Fear levels 
were determined via skin conductance response (SCR). 
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RESULTS 
Adolescents with chronic pain acquired fear to the CS+ more slowly and their fear 
response towards the CS- was elevated when compared with healthy controls. 
Furthermore, unlike the healthy controls, adolescents with chronic pain failed to 
extinguish fear to the conditioned stimulus when the aversive scream was removed.  
CONCLUSIONS 
These results suggest that adolescents with chronic pain demonstrate slow acquisition of 
fear, deficits in inhibitory responses towards non-threatening stimuli, and resistance to 
fear extinction when the threat is no longer present. These altered fear learning processes 
may be key to our understanding of pain persistence in youth and suggest potential 
mechanistic targets for future treatment.  
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INTRODUCTION 
 
Pain is a condition that accompanies a multitude of illnesses, and those suffering 
from chronic illnesses often suffer from chronic pain as well. Chronic pain (pain lasting 
for longer than 3 months) presents its own set of consequences that negatively influence 
the lives of those affected (“Chronic Pain,” 2011). Individuals with chronic pain possess 
a three-fold risk of developing depression and an increased likelihood of developing 
anxiety disorders (Bair et al., 2003; McWilliams, Goodwin, & Cox, 2004). Chronic pain 
has also been shown to affect cognitive ability, with difficulties reported with attention, 
memory, and completing tasks (Glass et al., 2005; McCracken & Iverson, 2001). These 
cognitive changes are also evident physiologically as there is decreased gray matter 
volume in pain patients in brain regions relating to pain processing, mood, and cognition 
(Bushnell et al., 2015). The cost of pain treatment and lost work add up to over $635 
billion dollars in the United States each year (Gaskin & Richard, 2012). The negative 
experiences and consequences of chronic pain implicate a therapeutic role for pain 
management, and many physicians have begun referring their patients to pain specialists 
for these purposes (Schlarb et al., 2011). The prevalence of chronic pain is growing, thus 
it is imperative to study the etiology and maintaining mechanisms of chronic pain in 
order improve pain management and treatment.  
Chronic pain is prevalent across all ages, and children present with many of the 
same symptoms as adults (Liossi & Howard, 2016). Around 25% of children experience 
some type of chronic pain during their childhood, and over 50% of those experience pain 
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in more than one area (Perquin et al., 2000). Incidence of severe chronic pain (pain >3 
months, >5/10 VAS) increases with age across development and peaks during 
adolescence (Perquin et al. 2000).  Chronic pain may be particularly impactful during 
adolescence because of the consequences it presents on growth and development. For 
example, there are high instances of school absences and declining grades among youth 
with chronic pain (Logan et al., 2008). These youth also have fewer friends than their 
peers and often report being victimized or isolated (Forgeron et al., 2010). A majority of 
adolescents with chronic pain often continue to suffer from pain during adulthood 
(Kashikar-Zuck et al., 2014). Young adults with chronic pain that were diagnosed as 
adolescents were less likely to move out of home for college and more dependent on 
family for support (Kashikar-Zuck et al., 2014). Despite the unique consequences of 
chronic pain in adolescence and the implication for reduced independence during 
adulthood, there is currently little research focusing on adolescent chronic pain. Research 
focusing on this demographic can help create more developmentally specific treatment 
targets and provide valuable insight into the early emergence and development of chronic 
pain.   
Pain Avoidance and Fear 
The consequences of chronic pain extend beyond physiological effects and 
involve psychological and social aspects of an individual’s life. It is increasingly 
recognized that these psychosocial factors can affect the pain experience itself (Schoth & 
Liossi, 2010). The biopsychosocial model of pain was developed to take into account 
these interactions and create a multidisciplinary approach to the diagnosis and 
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management of pain (Liossi & Howard, 2016). The Fear Avoidance Model (FAM) is one 
such biopsychosocial approach that considers how psychosocial factors such as fear of 
pain and avoidance can facilitate the transition from acute injury to chronic pain and 
pain-related disability (Vlaeyen & Linton, 2000). According to the model, individuals 
with pain often exaggerate or catastrophize pain-related threats and develop an aversion 
to activities they believe may increase or cause pain (Figure 1). This aversion leads to 
hypervigilance and avoidant behaviors, which develops into a functional disability that 
further exacerbates and maintains the pain. Taking into consideration factors such as 
adolescent specific behaviors and parental influences, the FAM has been extended and 
applied to pediatric populations (Asmundson at al., 2012; Simons & Kaczynski, 2012). 
Over a third of children and adolescents with pain subsequently develop pain-related 
functional disability (Perquin et al., 2000). Thus, in order to understand the development 
of chronic pain in adolescents it is vital to consider the factors that trigger fear avoidance 
behaviors in these individuals.  
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Figure 1: The Fear Avoidance Model of Pain. The model describes the process through 
which acute pain experiences can develop into chronic pain. An exaggerated or 
catastrophized perception of pain can to lead to avoidant behaviors and result in 
functional disability. This cyclic mechanism further exacerbates the pain and hinders 
recovery. Reproduced from “Fear-Avoidance and Its Consequences in Chronic 
Musculoskeletal Pain: A State of the Art.”, by Vlaeyen, Johan W. S., and Steven J. 
Linton. 2000. Pain 85 (3): 317–32.  
 
 
A recent version of the FAM identifies threat appraisal as a vital factor in 
determining whether or not a patient will develop an overt fear of pain and therefore 
subsequently engage in avoidant behavior (Vlaeyen, Crombez, & Linton, 2016). 
Attention and interpretation biases are two concepts thought to influence threat appraisal. 
Attentional bias is the selective attention towards certain stimuli or information (Van 
Ryckeghem & Crombez, 2014). Adolescents with functional abdominal pain have 
demonstrated an attentional bias towards pain related stimuli (Beck et al., 2011). 
Additionally, it is known that brain regions responsible for the control of attention are not 
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fully matured in adolescents (Gogtay et al., 2004). Studies have shown that younger 
adolescents (average age 11.5yrs) have greater difficulties with attention control than 
their older peers (average age 17yrs), and those with low attention control tend to be 
more vigilant towards pain related stimuli (Cohen Kadosh, Heathcote, & Lau, 2014; 
Crombez, Heathcote, & Fox, 2015; Heathcote et al., 2015). Interpretation bias is the 
negative interpretation of ambiguous situations, and adolescents with pain have shown to 
endorse this type of bias toward ambiguous pain-related or social situations (Heathcote et 
al., 2016). Despite the evidence that these biases exist in adolescents with pain, causal 
associations between these cognitive factors and threat appraisal remain somewhat 
unclear (Heathcote et al., 2016; Van Ryckeghem & Crombez, 2014).  
One process that likely has an important influence on threat appraisal and 
subsequent pain avoidance is fear learning. Fear is an innate behavior among humans, 
and fear learning occurs when we learn to associate danger or pain with specific stimuli. 
A vital part of this process is contingency awareness, the ability to distinguish between 
safe and threatening cues (Labrenz et al., 2015). In individuals with pain, over-protective 
behaviors lead to an overgeneralization of fear responses to stimuli that are only loosely 
related to pain, resulting in avoidance of potentially harmless stimuli or activities 
(Vlaeyen et al., 2016). Furthermore, improper fear responses and the inability to identify 
the contingencies among different cues are known to result in a chronic state of anxiety, 
which in turn increases the experience of pain (Jenewein et al., 2013; Meulders et al., 
2014). Studies investigating fear learning in humans utilize classical conditioning 
paradigms in which a neutral stimulus (CS+), such as a shape or a face, is paired with an 
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inherently aversive unconditioned stimulus (UCS), such as an electric shock or a scream 
(Breed & Moore, 2012). After repeated viewings, the subject learns to associate the two 
stimuli together and develops an anticipatory fear response upon viewing the CS+. 
Contingency learning is examined by including an additional neutral stimulus that is not 
conditioned (CS-) and testing the individual’s ability to predict the UCS upon 
presentation of the conditioned stimulus and not the neutral stimulus (Lonsdorf et al., 
2017). Fear learning studies have shown that women with Irritable Bowel Syndrome have 
a heightened fear response to conditioned stimuli compared to healthy individuals and a 
resistance to extinguishing this response when the associated threat is removed (Labus et 
al., 2013; Naliboff et al., 2009). Other studies have shown that adults with fibromyalgia 
and chronic hand pain possess deficits in contingency learning compared to healthy 
individuals (Jenewein et al., 2013; Meulders et al., 2014). While there is a wealth of 
information regarding fear learning in adult pain populations, there is very little 
pertaining specifically to pediatric chronic pain. Despite its many similarities to adult 
pain, pediatric chronic pain possesses unique pathophysiology and symptoms that 
necessitate fear learning studies specific to this population.  
In this study, we will investigate fear learning in adolescents with chronic pain. 
We will examine the acquisition and extinction of conditioned fear as well as 
contingency learning, the ability to distinguish between a safe and threatening signal. 
Measuring Fear 
Skin Conductance Response (SCR) commonly serves as a measure of fear 
response in fear conditioning studies. It represents the conductivity of skin from 
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increased sweat gland activity due to sympathetic arousal. Previous studies have utilized 
a variety of approaches towards analyzing skin conductance waveforms, and there is a 
lack of consensus on many factors of SCR analysis. These factors include the latency at 
which the fear response appears after stimulus onset and the need to use peak or mean 
values for analysis (Jenewein et al., 2016; Liberman et al, 2006; Schultz & Helmstetter, 
2010). Recently, investigators have suggested to move away from standard peak SCR 
scoring methods to statistical modeling approaches (Bach & Friston, 2013). Inverse 
modeling is one such approach that seems to be well suited for SCR data as it aims to 
reproduce the underlying sudomotor nerve impulses from SCR waveforms and thus 
significantly reduce statistical noise (Figure 2) (Bach et al., 2010; Staib, Castegnetti, & 
Bach, 2015). Given the myriad of analytical approaches available for skin conductance 
response, it is important to find one that suits the need of a pediatric pain study. Peak 
scoring is currently the most prevalent approach used in fear learning studies and 
standards have recently been proposed to unify the approach to using this method 
(Fowles et al., 1981; Lonsdorf et al., 2017).  Thus, in this study we will use standard peak 
scoring as our primary method of analysis and utilize Psycho-Physiological Modeling 
(PsPM) as a secondary approach to compare and validate our results.  
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Figure 2: Advantages of inverse modeling. Presented here is an observed skin 
conductance waveform and the sudomotor nerve activity it represents. Inverse modeling 
seeks to reproduce sudomotor nerve impulses from skin conductance data. These nerve 
bursts have discrete response amplitudes and greatly reduce the noise otherwise present 
in skin conductance data. Reproduced from “Optimising a model-based approach to 
inferring fear learning from skin conductance responses,” by Staib M, Castegnetti G, 
Bach DR (2015).Journal of Neuroscience Methods, 255, 131-138. 
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METHODS 
Recruitment 
 Pediatric pain patients were recruited from Pain Treatment Service at Boston 
Children’s Hospital. Primary criterion for eligibility was the experience of pain for at 
least 3 months. Exclusion criteria included any major anxiolytic and antidepressant 
medications, cognitive impairments, or medical or severe psychiatric problems such as 
seizures or eating disorder. Healthy controls within the same age group were recruited 
from the Boston area using newspaper advertisements and a local Patch website 
(http://waltham.patch.com). The primary inclusion criterion for the healthy controls was 
no current chronic pain problem or history of chronic pain.   
Study Design 
This study used the “screaming lady” fear conditioning paradigm, which was 
developed as an age-appropriate procedure for pediatric participants (Lau, 2008; Ohman 
& Mineka, 2001). The paradigm consisted of three phases (Figure 3). In the pre-
acquisition phase, the subject became acclimated to faces presented on the screen. Two 
faces were presented for 8 seconds each for 4 times. During the inter-trial interval (ITI), 
the period between the presentations of each face, a blank screen was presented for 8-20 
seconds during this and all other phases. 
Next, in the acquisition phase, the unconditioned stimulus (UCS) was introduced.  
Each face was presented for 8 seconds each for 10 times. One of the two faces 
(conditioned stimulus, CS+), randomized among subjects, terminated with an image of a 
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screaming face and a 95dB scream (80% reinforcement). The other face (neutral 
stimulus, CS-) was not presented with a scream. 
Lastly, in the extinction phase, participants viewed each face for 8 seconds each 
for 12 times, and neither stimulus was presented with a scream. This study occurred 
concurrently with a brain imaging study. As a result, this phase of the experiment took 
place during an fMRI, and there was a gap of approximately 90 minutes between the 
acquisition and the extinction phase. 
 
 
Figure 3: The “screaming lady” fear conditioning paradigm. During the pre-
acquisition phase, the subject is acclimated to the two faces on screen. During 
acquisition, fear is conditioned by associating one of the two images with a screaming 
face and a 95dB scream. Lastly, during extinction the images are presented again with the 
scream removed. 
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Data Acquisition and Analysis 
Skin conductance was continually measured during each of the three phases via 
two electrodes placed on the index and middle finger of the participants’ non-dominant 
hand. The data was recorded by a MP150 system (BIOPAC Inc., Goleta CA) and 
displayed on Acqknowledge software (Ver. 4.4.2) (BIOPAC Inc., Goleta CA).  
Primary analysis for skin conductance response (SCR) data was performed using 
peak scoring tools provided on Acqknowledge software. SCR was defined as the change 
in skin conductance amplitude upon viewing each stimulus. It is suggested that fear 
responses occur with a latency of 2-4 seconds after stimulus onset and that peak 
amplitude can be expected at around 5-6 seconds post onset (Fowles et al., 1981). Thus, 
to determine the SCR for this study we used the skin conductance value at 2 seconds post 
stimulus onset as a baseline and subtracted it from the peak value observed anywhere 
between 2 and 6 seconds post stimulus onset (Figure 4). The resulting skin conductance 
change was averaged across all trials in each phase and root transformed to normalize the 
data.  
 
Figure 4: Determining skin conductance response (SCR). Skin conductance data 
appears as a continuous waveform from which fear response must be derived. In this 
study, SCR was determined by obtaining a baseline value at 2 seconds post stimulus 
onset and subtracting it from the maximum skin conductance value between 2 and 6 
seconds post stimulus onset.  
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Self-reported fear ratings provided a subjective measure of fear. On a 10-point 
Likert scale, each subject rated how “scared” they felt of each face before the experiment 
and how “anxious” they felt when viewing each face after acquisition and extinction. 
The SCR data and the self-reported scores were analyzed using Statistical 
Package for the Social Sciences (SPSS) software (IBM, Armonk NY). Both data sets 
were inputted into a Phase (pre-acquisition, acquisition, extinction) x Stimuli (CS+, CS-) 
x Group (pain, control) repeated measures ANOVA. Significant trends that were 
identified were further investigated using paired t-tests.  
The PsPM software (http://pspm.sourceforge.net/) suite available for MatLab 
(Mathworks, Natick MA) served as a secondary analytical tool for skin conductance. The 
model provided the difference in sympathetic arousal between the two stimuli and tested 
the significance. In this study, we will use this model to analyze the data for the 
acquisition phase only. The settings for the model were set per recommendations 
provided by the creators (Staib et al., 2015). These settings included a bidirectional 
0.0159 Hz filter, a trial depth of two, and skin conductance level (SCL) modelling.  
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RESULTS 
 
Recruitment 
 Thirty- two patients (Mean age = 16.2 years; SD = 2.2 years; 90% female) were 
recruited from the Pain Treatment Service at Boston Children’s Hospital. Among this 
group, 40% of participants were experiencing musculoskeletal pain, 30% were 
experiencing neuropathic pain, and 30% were experiencing another type of chronic pain 
such as abdominal pain or endometriosis. Eight healthy controls (Mean age = 16.87 
years; SD = 2.5; 100% female) were also recruited.  
Two pain subjects and one healthy control voluntarily discontinued the 
experiment in response to the aversive scream. Additionally, the extinction data for two 
pain subjects were not properly recorded due to technical issues with the skin 
conductance leads. These incomplete data sets were excluded from SCR analysis. Self-
reported scores for these individuals were still obtained when possible and were included 
in analysis. As per publication recommendations for skin conductance data, the minimum 
threshold for a significant SCR was set to 0.05 microsiemens (μS)(Fowles et al., 1981). 
All averaged SCR data in this study met this threshold.  
Skin Conductance 
Skin conductance was continually measured during each of the three phases of the 
experiment. Table 1 shows the average change in skin conductance from baseline to after 
stimulus presentation (i.e. skin conductance response) for each type of stimulus during 
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each phase. The acquisition and extinction phases were evenly divided into early and late 
phases.  
Table 1: Average skin conductance response across the three phases.  
 
 Pain    [μS (Std.dev)] Healthy    [μS (Std.dev)] 
CS+ CS- CS+ CS- 
Pre-acquisition .404 (.31) .356 (.22) .462 (.24) .499 (.33) 
Acquisition .551 (.31) .452 (.29) .717 (.49) .536 (.36) 
                         Early .564 (.33) .485 (.35) .712 (.47) .447 (.38) 
                         Late .494 (.35) .346 (.28) .718 (.49) .583 (.39) 
Extinction .587 (.41) .485 (.37) .422 (.24) .234 (.14) 
                         Early .611 (.49) .514 (.39) .523 (.35) .245 (.17) 
                         Late .520 (.38) .439 (.37) .259 (.12) .215 (.12) 
 
A repeated measures ANOVA examining phase, stimuli, and group revealed a 
main effect of stimuli [F (1, 34) = 7.84 (P =0.01)] as well as a significant interaction 
between phase and stimuli [F (2, 68) = 3.74 (P =0.04)] (Table 2). There was no main 
effect of group, phase, or any other interactions observed.  
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Table 2: Repeated measures ANOVA for skin conductance response. (α = 0.05) 
 
Effect                  df                 F               p 
Phase 
Phase * Group 
Stimuli 
Stimuli * Group 
Phase * Stimuli 
Phase * Stimuli * Group 
Group 
1.5, 66 
1.5, 66 
1, 33 
1, 34 
2, 66 
2 
1, 33 
2.01 
3.62 
14.94 
0.47 
3.65 
1.45 
0.01 
  0.16 
0.04 
<0.01 
0.50 
0.03 
0.30 
0.94 
 
During the pre-acquisition phase, neither the pain [F (27) = 1.18, (P=0.25)] nor 
the control group [F (6) = -.47, (P=0.66)] showed a significant difference in average SCR 
towards the conditioned (CS+) and neutral stimulus (CS-) (Figure 5). (Note: no 
conditioning has occurred yet, the names CS+ and CS- simply denote the two images.)  
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Figure 5: Mean skin conductance response towards the conditioned (CS+) and 
neutral (CS-) stimulus during pre-acquisition. Neither the pain (n=28) nor healthy 
controls (n=7) showed a significant difference in SCR between the two stimuli. 
Significant differences were tested using paired t-tests (α = 0.05).  
 
During the acquisition phase, when the scream was introduced, the pain group’s 
average SCR towards the CS+ and CS- significantly increased from the pre-acquisition 
phase ([F (27) = -2.60, (P=0.01) and [F (27) = -2.45, (P=0.02)] respectively) (Figure 6). 
In the control group, no significant increase in SCR towards either stimuli was observed 
([F (6) = -1.88, (P= 0.11)] for CS+ and [F (6) = .176, (P=0.86)] for CS-) (Figure 6).  
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Figure 6: Comparing mean skin conductance response for the conditioned (CS+) 
and neutral (CS-) stimulus between pre-acquisition and acquisition phases. The pain 
group’s (n=28) SCR to the CS+ and CS- significantly increased between pre-acquisition 
and acquisition. The control group’s (n=7) change in response to either stimuli was not 
significant from pre-acquisition to acquisition. Significant differences were tested using 
paired t-tests (α = 0.05).  
 
The responses to the CS+ and CS- in both groups were significantly different 
from each other during the acquisition phase, [F (27) = 2.44, (P=0.02)] for pain and [F (6) 
= 3.42, (P=0.01)] for control (Figure 7). The pain group’s responses to the CS+ and CS- 
were similar during the early phase of acquisition [F (27) = 1.7 (P=0.09)] and became 
significantly different during the late phase of acquisition [F (27) = 2.3 (P=0.03)] (Figure 
7). On the other hand, the control group showed a differential response towards the CS+ 
and CS- [F (6) = 3.5 (P=0.01)] during the early phase of acquisition but not during the 
late phase [F (6) = .13 (P=0.14)] (Figure 7). 
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Figure 7: Mean skin conductance response towards the conditioned (CS+) and 
neutral (CS-) stimulus during acquisition, the first 4 trials of acquisition, and the 
last 4 trials of acquisition. There was a significant difference in SCR for the CS+ and 
CS- during acquisition for the pain group (n=28). When the phase is split into early and 
late, this significant difference is only present in the late phase of acquisition. There was 
also a significant difference in response towards the two stimuli in the control group 
(n=7). This difference was evident during the early phase of acquisition but not during 
the late phase. Significant differences were tested using paired t-tests (α = 0.05). 
 
During the extinction phase, the pain group’s response to the CS+ and CS- did not 
change, [F (27) = -.456, (P=0.65)] for CS+ and [F (27) = -.471, (P=0.64)] for CS- (Figure 
8). Similarly, the control group’s average responses did not significantly change during 
extinction (F (6) = 1.88, p=0.11 for CS+ and F (6) = 1.99, p= 0.09 for CS-) (Figure 8). 
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Figure 8: Comparing mean skin conductance response for the conditioned (CS+) 
and neutral (CS-) stimulus between acquisition and extinction phases. The pain 
group (n=28) showed no significant difference in response towards the CS+ and CS- 
during extinction compared to acquisition. The responses to the CS+ and CS- did not 
significantly change for the control group as well. Significant differences were tested 
using paired t-tests (α = 0.05). 
 
In both groups, the responses to the two stimuli remained significantly different, 
([F (27) = 2.46, (P=0.02)] for pain, [F (27) = 3.54, (P=0.01)] for controls) during 
extinction (Figure 9). In the pain group, the significant differences between the CS+ and 
CS- response were not present during the early phase [F (27) = 1.7 (P =0.10)] but were 
present during the late phase [F (27) = 2.3 (P =0.02)] (Figure 9). In the control group, the 
differential response between the two stimuli was present during the early phase [F (6) = 
3.3 (P =0.02)] but not during the late phase [F (6) = 1.6 (P =0.15)] (Figure 9). 
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Figure 9: Mean skin conductance response towards the conditioned (CS+) and 
neutral (CS-) stimulus during extinction, the first 6 trials of extinction, and the last 6 
trials of extinction. The pain group (n=28) demonstrated a significant differential 
response during the extinction phase. This significant difference was present during the 
late stage of extinction. The control group (n=7) also exhibited a differential response 
during extinction; however, this difference was present only during the early phase of 
extinction. Significant differences were tested using paired t-tests (α = 0.05). 
 
Self-Reported Fear 
Participants provided a rating on a 10-point Likert scale for each stimulus before 
the experiment and after the acquisition and extinction phases (Table 1). Prior to the 
experiment, they rated how scared they were of each face, and after acquisition and 
extinction, they rated how anxious they felt when they viewed each face. 
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Table 3: Self-reported fear ratings (out of 10) for the two stimuli during each phase.  
 
 
Pain  [Rating (Std.dev)] Healthy    [Rating (Std.dev)] 
CS+ CS- CS+ CS- 
Pre-acquisition 1.8 (1.6) 1.8 (1.5) 1.6 (.97) 2.1 (1.3) 
Acquisition 5.1 (2.7) 2.3 (1.8) 4.1 (3.0) 1.7 (1.9) 
Extinction 4.4 (3.3) 2.8 (2.9) 1.9 (.69) 1.1 (.38) 
 
A repeated measures test for phase x stimuli x group interactions revealed a 
significant effect of stimuli [F (1, 37) = 9.64 (P <0.01)] and a significant interaction of 
phase x stimuli [F (1.9, 74) = 7.78 (P<0.01)] for the self-reported scores. Once again, no 
main effect of group, phase or other interactions were observed.  
 
Table 4: Repeated measures ANOVA for self-reported fear ratings. 
 
Effect                  df                 F               p 
Phase 
Phase * Group 
Stimuli 
Stimuli * Group 
Phase * Stimuli 
Phase * Stimuli * Group 
Group 
                2, 74 
2, 74 
1, 37 
1, 37 
1.9, 74 
2 
1 
4.43 
2.48 
9.64 
0.67 
7.78 
0.05 
3.31 
0.15 
0.09 
<0.01 
0.42 
<0.01 
0.95 
0.07 
 
In the pre-acquisition phase, the pain group rated both faces with a similar 
average score (Table 4 and Figure 10) [F (31) = .13 (P=0.90)]. After acquisition, the 
score for the CS+ significantly increased [F (31) = -7.2 (P<0.01)] whereas the CS- 
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remained similar [F (31) = -1.2 (P<0.22)]. After extinction, the scores were not 
significantly different from the scores during acquisition [F (31) = 1.0 (P=0.32)] for CS+, 
[F (31) = -1.1 (P=0.28)] for CS-). Both during acquisition [F (31) = 5.36 (P<0.01)] and 
extinction [F (31) = 2.6 (P=0.01)], the scores for CS+ and CS- were significantly 
different from one another. 
In the control group, the ratings for the two images were not significantly 
different during pre-acquisition [F (6) = -0.73 (P=0.493)] (Figure 10). After acquisition, 
the score for CS+ significantly increased [F (6) = -2.5 (P=0.049)] while the CS- score 
remained [F (6) = 0.75 (P=0.48)]. However, there was no significant difference in the 
ratings for the two stimuli [F (6) = 1.6 (P=0.16)]. After extinction, the ratings for both the 
CS+ and CS- did not significantly decrease, [F (6) = 2.0 (P=0.09)] for CS+ and [F (6) = 
1.0 (P=0.36)] for CS-, and the scores for the two stimuli in this phase were not 
significantly different from one another [F (6) = 2.0 (P=0.94)]. 
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Figure 10: Self-reported fear scores submitted by subjects before pre-acquisition 
and after acquisition and extinction. Prior to pre-acquisition, the pain group (n=32) 
provided identical fear ratings for the two faces. After acquisition, the ratings for the CS+ 
increased significantly (*), which resulted in a significant difference between the ratings 
for the two stimuli (**). During extinction, there was no significant change in fear ratings 
for either stimuli and the difference between the two remained (**). In the control group 
(n=7), although the ratings for the CS+ significantly (*) increased during acquisition, 
there were no significant differences in fear ratings between CS+ and CS- in any phase. 
Significant differences were tested using paired t-tests (α = 0.05). 
 
Psycho-Physiological Modeling 
The raw SCR data from the acquisition phase was imported into the PsPM 
software on Matlab. The software calculated the mean difference between the CS+ and 
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CS- response (Table 4). For 29 pain patients inputted, the average response between CS+ 
and CS- was not significant (p>0.10). For seven control patients, the mean responses to 
the stimuli were also not different (p>0.50)  
 
Table 5: Mean differences between conditioned (CS+) and neutral (CS-) stimuli found 
using PsPM software. (α = 0.05) 
 
Group Mean difference 
(CS+) - (CS-) 
SEM df T p 
Pain 
Control 
           0.74 
 0.87 
0.89 
1.89 
27 
6 
0.83 
0.46 
0.41 
0.66 
 
  
 25 
DISCUSSION 
Chronic pain is a debilitating condition that has far-reaching consequences for a 
developing adolescent. Pain related fear and avoidance play a key role in the 
development of chronic pain, and deficits in fear learning are thought to trigger these 
behaviors. In this study, we examined fear learning in adolescents with and without 
chronic pain. We observed successful fear conditioning in our pain group and noticed a 
pattern of results in comparison to our healthy controls that warrants further 
investigation.  
Fear Learning 
The pre-acquisition phase of the experiment served to habituate the subjects to the 
experimental set up and identify for any preexisting biases towards one of the two faces. 
As expected, both the pain and control groups showed similar skin conductance 
responses (SCR) and self-reported scores towards both stimuli.  
During acquisition, we observed successful fear conditioning in the pain group as 
evidenced by the increased skin conductance response towards the CS+ from the pre-
acquisition to the acquisition phase. This is similar to what has been observed in other 
fear learning studies with adult pain patients (Meulders et al., 2014).  
For both groups there was a significant difference in response towards the CS+ 
and CS- during this phase. However, the pain group’s SCR towards the CS- significantly 
increased during acquisition whereas the CS- in the control group did not. This suggests 
that although the pain group was able to acquire fear, they potentially had some 
difficulties discerning the threat associated cue. Appropriate fear learning not only 
 26 
requires an adequate response towards a conditioned stimulus, but also an inhibiting 
response towards irrelevant, non-threatening stimuli. Previous fear conditioning studies 
have shown similar deficits in contingency learning in adults with chronic pain (Meulders 
et al., 2017). Poor contingency learning is theorized to be caused by a lack of inhibition 
of the amygdala, the region of the brain thought to drive the fear response (Sijbrandij et 
al., 2013). Furthermore, the failure to meet the increased cognitive demand required to 
discern between two stimuli in rapid succession may also play a role in the deficits of 
inhibition (Peri et al., 2000).  
Differential learning in the pain group was observed later during acquisition 
compared to the control group. This may suggest that the pain group acquired fear more 
slowly, which has also been shown in adult fibromyalgia patients (Meulders et al., 2017). 
Interestingly, control subjects did not show a significant difference in response between 
CS+ and CS- during late acquisition, which may be due to habituation to the experiment 
or simply insignificance due to sample size (See section Limitations). 
There was no significant decrease in SCR for the pain group during extinction for 
either stimuli, and although the pain group seemed to have erased the differential 
response during early extinction, there was still a significant difference in response to the 
two stimuli at the end of the phase. Failure to extinguish acquired fear has also been 
demonstrated in IBS patients (Labus et al., 2013). Deficits in extinction can be critical 
because fear extinction plays a vital role in exposure-based treatments for chronic pain 
(Monfils et al., 2009). It is also important to note that the prefrontal cortex, the region of 
the brain responsible for this inhibition, is not fully developed during adolescence (Hare 
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et al., 2008). Specifically, two nerve synapses in the ventromedial prefrontal cortex 
(vmPFC) that regulate fear expression and mediate extinction training in adults are absent 
in adolescents (Pattwell et al., 2012).  Although these factors do not directly influence 
inhibition, as these trends were not observed our healthy controls, they can potentially 
interact with some other underlying cause and influence the effectiveness of exposure 
based therapies for adolescent pain patients (de Jong et al., 2005; Morris et al., 2015) 
Self-Reported Scores 
Self-reported fear scores showed similar trends to that of the SCR data for the 
pain group. The key difference, however, was that no significant increase in CS- was 
observed in the acquisition phase. This suggests potential differences in subjective and 
physiological perceptions of fear, and such inconsistencies have been observed in other 
fear learning studies (Liberman et al., 2006). Additionally, another possible cause for this 
discrepancy could be that self-report scores, unlike SCR, were provided after rather than 
during the course of each phase. This temporal delay could allow relatively more time to 
think of a response and inaccurately reflect the actual perceptions during the experiment 
(Lonsdorf et al., 2017).  
Psycho-Physiological Modeling 
The Psycho-Physiological Modeling (PsPM) software calculated the difference in 
sympathetic arousal between CS+ and CS-. For the acquisition phase, the data for both 
pain and control groups indicated insignificant differences in the response towards the 
two stimuli. Literature on the application of this model shows studies with similar sample 
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sizes however with vastly more trials per phase, 90 compared to 10 in this study (Staib et 
al., 2015). It is possible that the number of trials in our study could not overcome the 
level of noise in our data, leading to insignificant results.  
Demographics  
Thirty-two pediatric pain patients were enrolled in this study from the Pain 
Treatment Service. The group was predominately female, which matches the gender 
distribution of other large pediatric pain studies and of the pain treatment service 
(Kashikar-Zuck et al., 2011; Simons et al., 2012). Among the initial 32 pain patients and 
8 healthy controls, three chose to abort the experiment early. The 10% attrition rate in 
this experiment is within the 10-30% range found in other pediatric fear conditioning 
studies (Shechner et al., 2015).  
Lastly, the average age of both the pain and control group was higher than the 12-
14 age range found in other fear conditioning studies focusing on youth populations 
(McGuire et al., 2016; Shechner et al., 2015). However, this study’s broader age range be 
can advantageous when assessing the changes in fear learning during the transition from 
adolescence to young adulthood. 
Limitations 
There are two key limitations in this study that must be addressed. First, there is a 
large discrepancy between the sample size of the pain and control group. Although the 
control group showed expected fear acquisition and extinction, there was no main effect 
of group observed in neither SCR nor self-reported scores.  Furthermore, there are 
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discrepancies such as the lack of significant changes in SCR, the disappearance of 
differential learning during acquisition, and the lack of significant data in the self-
reported scores that can also be potentially attributed to small sample size.  
Secondly, the presence of the fMRI during the extinction phase introduced a 
number of potentially confounding variables. The extinction phase occurred in a different 
setting than acquisition, which, in addition to the sounds and claustrophobic environment 
of an fMRI suite, could have interfered with fear extinction in both groups (Lonsdorf et 
al., 2017). Furthermore, there was a bias present against the control group if this study 
was the first time they received an fMRI (Lonsdorf et al., 2017).  
Future Directions  
This study provides a foundation for fear learning in adolescents with chronic 
pain. Given the difference in experimental design and variables of interest in other adult 
fear learning studies, it is necessary to investigate this topic with different fear learning 
paradigms in order to draw specific conclusions. 
One possible future direction is to investigate deficient safety learning by 
incorporating fear generalization into the experimental design. Fear generalization studies 
include an additional stimulus, the generalized stimulus (GS), in which the CS+ is mixed 
with traits of the CS- so that it resembles the CS- with varying degrees of similarity 
(Meulders et al., 2014). The GS can be a single halfway intermediate between the CS+ or 
CS- or a gradient of stimuli that gradually transform the CS+ to the CS-. Such a design 
allows us to examine fear response towards the CS+ as its features slowly disappear. 
Studies have shown that adult pain patients show a slower decline in fear responses 
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towards a generalized stimulus gradient, suggesting that they generalize fear across the 
two stimuli and fail to recognize and inhibit a response towards the CS- (Meulders et al., 
2017). These studies have also shown that fear generalizes quickly among similar stimuli, 
such as movements, which can explain how exaggerated avoidance behaviors can spread 
to non-pain related behaviors and activities (Meulders & Vlaeyen, 2013). Investigating 
fear generalization in pediatric pain patients can help determine the real world 
implications of deficient safety learning in this population. 
To study the mechanisms of extinction, one can also consider fear reconsolidation 
paradigms. Fear extinction functions on the premise of inhibiting but not all together 
replacing fear memories; however, studies have shown that there is a period of time 
during which the reconsolidation of fear can be disrupted (Agren et al., 2012; Bouton, 
2002). Thus, extinction within a certain period can completely inhibit a fear memory. In 
both humans and rodents, it has been shown that extinction training was more effective if 
it occurred within 1 hour of acquisition compared to 6 or more hours after (Monfils et al., 
2009; Schiller et al., 2010). Studying this phenomenon in pediatric pain patients can be 
invaluable to the development of therapies addressing their persistent fear of pain.   
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CONCLUSIONS 
In this study, we examined fear conditioning and contingency learning in 
adolescents with chronic pain. We found that although these individuals were able to 
acquire fear similarly to healthy controls, they were unable to completely inhibit cues that 
were not conditioned and extinguish fear when the unconditioned stimulus was removed. 
These findings are similar to trends identified in fear learning studies in adults with 
chronic pain. Despite these similarities, it is important to consider potential 
developmental characteristics that might play a role in adolescent fear learning. 
Furthermore, more targeted fear learning studies are needed to further investigate deficits 
in contingency learning and fear extinction. 
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